Introduction
The. husbandry methods currently employed in pig production programmes frequently involve the transportation of subjects over various distances. Pigs are also often restrained for such purposes as weighing and vaccination in disease control programmes. It is probable that vibration noise and handling procedures associated with transportation constitute acute 'stressors' for the pig, which sets in motion various physiological and behavioural responses. Recent findings suggest that behaviourally-stressful events are capable of producing substantial alterations in cardiovascular function (Cohen & Obrist 1975 , Galosy et al. 1979 , Galosy & Gaebelein 1977 , Randall et al. 1975 . In the dog, the autonomic nervous system has been shown to playa predominant role in the control of cardiovascular function during behavioural stress (Galosy et al. 1979 , Galosy & Gaebelein 1977 . Several investigators have reported that parasympathetic and sympathetic (alpha, beta and cholinergic) influences on the heart and peripheral vasculature are involved in stress-related alterations in cardiovascular dynamics , Gaebelein et al. 1977 , Randall et al. 1975 .
Renal vessels are also richly supplied with sympathetic nerve fibres (Feigl et al. 1964) , and it is becoming increasingly evident from studies on several species that situations evoking emotional responses can profoundly influence circulation in this peripheral organ. The changes in renal blood flow (RBF) in response to psychosocial disturbances "have been studied in several species by Henry and his collaborators (1973) . The kidney of the dog contains a vascular bed that is very responsive to sympathetic vasoconstrictor impulses (Rushmer et al. 1961) , in contrast to the skeletal muscles which are supplied in their sympathetic innervation with both vasoconstrictor and vasodilator fibres. It would therefore be reasonable to assume that during a state of emotional arousal, blood is redistributed away from a relatively inactive organ, such as the kidney, to the somatic musculature. Evidence for such a redistribution of blood in man has been obtained by Wolff & Goodel (1968) who showed that there was a sharp reduction in RBF in people faced with a distressing interview. Similarly, Brod (1970) found that performance of rapid mental arithmetic or anxiety resulting from anticipation of pain (De Maria et al. 19 (3) also caused measurable renal vasoconstriction. Cats confronted by a barking dog (Blomstrand & LOfgren 1956 ) exhibited renal vasoconstriction, as also did the exposed kidney of a conscious mouse when subjected to 'frightening' stimuli (Bing & Vinther-Paulsen 1953) . These observations may have important clinical implications in the veterinary field. It is possible that episodes of vasoconstriction in farm animals in response to acute emotional disturbances may lead to permanent kidney damage resulting in renal failure. This has been shown to be the case in the dog (Fekete et al. 1965 , Hatcher et al. 1962 . Nerves containing serotonin (5-hydroxytryptamine, 5-HT) have recently been demonstrated by immunofluorescence histochemistry in cerebral and mesenteric blood vessels (Griffith & Burnstock 1983 ). If 5-HT is released in large quantities in the kidneys, vascular disorders can follow. Indeed, Shapiro (1963) has demonstrated that renal susceptibility to infection is increased even after short periods of kidney ischaemia.
The extent to which cardiovascular responses in pigs are influenced by unconditioned emotional stimuli is unclear. The present study aims to study the effects of various husbandry practices, particularly transport and handling, on heart rate, blood pressure and renal flow.
Methods

Animals
The experiments were carried out on 3 male and 3 female pigs of the Large White breed which were brought from the farm of the Institute of Animal Physiology. They were aged between four to five months on arrival at the laboratory and weighed approximately 45 to 50 kg. All the animals were individually housed in holding pens, with water available ad libitum, and the ambient temperature of the animal house did not deviate greatly from a range of 15-18°C. Feeding was usually carried out once a day whilst the procedures of connecting the instrumentation to the recorders were carried out.
Surgical preparation and recording procedures
General anaesthesia was induced directly with a face mask using a combination of halothane and oxygen produced in a vaporizer via an open circuit in a Boyle's apparatus. The animals were premedicated 30 minutes before anaesthesia with a 4% wjv solution of azaperone (Suicalm, Janssen PharmaceuticajBeersejBelgium) intramuscularly at a dose of 0.5 mlj20 kg body weight. The pigs were also given hyoscine-N-butyl-bromide (Buscopan Compositum, Boehringer Ingelheim) at a dose of I mlj20 kg. Anaesthesia was maintained with halothane and oxygen from a closed circuit which was connected via a Magill endotracheal tube. The operations were carried out under sterile conditions with the animals lying on the right side. Access to the left renal artery was gained via a sublumbar incision 8-10 cm long just behind the last rib. The peritoneum was parted from the dorsal body wall by blunt dissection with the fingers. After placing the flow probe around the renal artery, the connecting lead was led to the exterior via a skin puncture at a point on the back near the midline.
Before any observations were carried out, a minimum of 21 days was allowed for the bedding in of the flow probe. The construction of the flow probe has been described in detail elsewhere (Rader et af. 1973a, b) . RBF was monitored using an ultrasonic interferometric technique which employed two barium titanate crystals placed adjacent to and diagonally across a vessel. The method principally relies on phase differences generated by pulses of ultrasonic energy travelling with and against the flow stream. Flow was calibrated before implantation by forcing fluid through the flow-probe lumen at a number of known constant rates to develop a voltage output as a function of quantity of flow (Rader & Stephens 1974) .
Finally, the functioning of the probes in situ was checked at the end of each experiment; the animal was anaesthetized with barbiturate and zero flow recordings were taken by clamping the renal artery. Heart rate (HR) was obtained by monitoring the pulses in the renal artery via the flow probe. Blood pressure (BP) measurements were obtained by placing a polyvinyl catheter (0.4 mm internal diameter and 1.2 mm external diameter; Portex, England) directly into the carotid artery towards the heart: this was then led out via a skin puncture to a point on the neck behind the ears and fixed firmly in position with two superimposed layers of purse string silk sutures. The catheter was kept filled with heparinized saline which was replenished daily. The end of the catheter was sealed with a metal plug which was tied in place. Both the probe lead and the arterial catheter were protected with layers of adhesive bandage.
Vibration and noise (simulated transport)
The apparatus, which was designed to simulate transport, has been described in detail elsewhere (Stephens & Adams 1982) . It consisted of a steel-framed wooden pen 1.5 m 3 which rested on two large steel wheels with an irregular periphery. When turning, the cams at the base of the pen followed the periphery and produced irregular movement of the pen in all directions. When active, the transport simulator (TS) produced a continuous noise level which remained above 80 decibels.
Experimental procedures
The cardiovascular responses were continuously measured from unrestrained pigs during a 45-minute sojourn in the TS. The pressure transducer (Elcomatic, type EM 750, Glasgow) was tied to the harness and connected directly to the carotid catheter at neck level immediately prior to each experiment. A two-channel Brush recorder was used to make simultaneous recordings of RBF and BP. Heart rate was calculated from these records. In one pig, the measurements were made daily on 2 consecutive days when no water was allowed. In another pig, similar measurements were made before the start of and at the end of four-hour lorry rides. Restraint simply consisted of lifting the pig by its harness so that the front legs were ofT the ground. Exposure to O°C in the cold chamber lasted a minimum of I hour.
Statistical analysis' of results
The changes in HR, BP and RBF produced as a result of exposure to vibration and noise were computed as fractions of the resting, pre-test control values. Each variable was subjected to an analysis of variance. Comparisons of the within-and between-pig variation for each parameter at successive time stages of the test were therefore possible. Table 1 shows that exposure to vibration and noise produced similar changes in HR, BP and RBF in all the pigs tested. There were no significant differences between pigs in the degree of responses induced. The HR remained significantly above the pte-start control level throughout the 45-minute test period. The greatest increase in HR was produced 
Results
Effects of vibration and noise on HR. BP and RBF
immediately on starting the motor to generate the vibration and noise. The HR then gradually declined as the test progressed, indicating a degree of adaptation. Readings of BP levels were made before, during and at the end of exposure to 45 minutes of vibrations and noise. It can be seen from Table I that the changes in BP as a result of the exposure to the experimental manipulation were small, although at the lO-minute stage there was an increase in BP which was statistically significant at the 5% level. RBF was monitored in 3 pigs. The steady state of flow which was established in the resting, calm pig in the home cage was used as the baseline control value. Immediately after switching on the motor of the TS there was a significant decrease (P<O.OI) in RBF (Table I) . Thereafter the RBF significantly (P < 0.0 I) increased to a level above the resting control value. The RBF remained elevated throughout the remaining period of exposure to vibration and noise of the TS.
Although observations were carried out on only one pig, it is worth noting that the withholding of water to cause a mild degree of dehydration produced somewhat different cardiovascular responses from vibration and noise. Unlike normally hydrated pigs, there was no progressive lowering of HR, and RBF was reduced throughout the whole 45-minute sojourn in the TS. The pig was allowed to drink normally following each test and observations were repeated on three separate occasions, with similar results.
Effects of road transport on HR. BP and RBF
The techniques for monitoring cardiovascular responses to simulated transport have also been applied to study the effects of exposure to a 4-hour road journey by lorry. Measurements of HR, BP and RBF were carried out at the beginning and at the end of the journey. The pig was carried alone and free-standing. Prior to the journey RBF was markedly decreased while the animal was eating. Later, immediately on entering the lorry, there was a slight decrease in RBF and an increase in HR. The RBF quickly regained normalleve1s, however, before the journey commenced. At the end of the journey, (he HR had returned to near the control rate, but the RBF was slightly elevated. The observations were carried out on two separate occasions on the same pig.
Effects of handling and restraint on HR ..BP and RBF
Cardiovascular changes were also monitored in pigs exposed to handling, restraint and the suspension of their forelegs above ground level by lifting their harness manually. The pigs squealed loudly when lifted. There was a marked decrease in RBF with a concomitant Figures 1 and 2) . The normal blood flow of 5 ml/second was reduced to nearly half when the animals were restrained and lifted. However, four minutes after release, RBF levels were back to normal. Blood pressure nearly doubled the resting value (around 100 mmHg, in all pigs tested). Similarly HR reached a level of more than double its resting value.
Effects of cold on HR, BP and RBF
Three pigs were exposed to reduced temperatures in these experiments. The animals were individually placed for a period of one hour in a chamber which was inside a large refrigerated room, maintained near to O°c. The pigs frequently grunted and periodically appeared restless. Exposure to O°C for one hour did not produce a significant change in HR, BP or . Blood pressure and heart rate response of pigs during lifting and restraint. Mean blood pressure doubled, Increasing from 96 to 192mmHg, while heart rate more than doubled, increasing from 91 to 200 beats/min RBF. In one pig, prolonging the exposure at O°C for 6 hours produced no significant changes in any of these measures.
Discussion
The experiments described demonstrate that ultrasonic techniques for measuring RBF and HR are applicable to conscious, unrestrained pigs in situations simulating the vibration and noise which occur during road transport. The HR was markedly increased at the beginning of trials, but gradually decreased as the experiment progressed, showing that there was a degree of habituation to the vibration and noise. Consequently, although HR is a useful index of short-term arousal in the pig, it is probably only part of a general response to a change in the environment. However, the effect on HR of the presence of the investigator near the pig, which was necessary to control the instrumentation, was not determined in these experiments. This factor could affect the baseline HR obtained for the pre-experiment resting period. In, for example, the dog (Gantt 1950) and the calf (Stephens & Toner 1975) it has been shown that the mere presence or arrival of the observer into the room housing the animals is sufficient to elevate HR. • The changes in RBF during exposure to vibration and noise were unexpected, although each pig appeared aroused and slightly alarmed by the experience. Our results are in striking contrast to those of Forsyth (1971) who showed that in the baboon there was a substantial decrease in RBF during exposure to an aversive stimulus. The slight decrease in RBF immediately after switching on the apparatus was followed within minutes by an increase in RBF to 15-20% above resting levels. We have no explanation for this observation except that it may be related to the nature and intensity of the stimuli provided by our apparatus. Baldwin & Stephens (1973) previously showed that when pigs were exposed to a technique which reliably produced conditioned anxiety, as illustrated by suppression of responding for food, there was no concomitant increase in the concentration of plasma corticosteroids. In that experiment, it was concluded that the changes in emotional behaviour and vocalization observed were not necessarily directly correlated with the measured physiological parameters.
The kidney contains high concentrations of dopamine (DA) (Anton & Sayre 1964 , Wegmann 1963 . Recent evidence pointing to the importance of DA as a factor critically involved in the regulation of cardiovascular and, in particular, renal vascular function has been reviewed by Goldberg (I9n). Intra-aortic injections of DA, which do not produce marked effects on systemic blood pressure, have been shown to increase RBF by the order of 10-30% in the dog (Bell & Lang 1978) . Bell & Lang (1978) later showed that renal vasculature in the dog is supplied by nerves which release DA as a transmitter. In the same study, it was shown that such nerves were activated by midbrain stimulation and that this was associated with rapid increases in RBF, which appeared within 1-2 seconds of stimulation commencement. This evidence, together with the reports of McDonald et al. (1964) and McNay et al. (1965) that the renal vascular beds of dog and man contain inhibitory receptors which seem specific for DA, suggests that DA may be important in the regulation of renal vasomotor blood supply.
Restraining the pigs by lifting the forelegs off the ground resulted in the exhibition of marked behavioural disturbances, with the animals displaying vigorous physical resistance accompanied by prolonged and loud vocalization. Such intense behavioural responses are frequently observed in restrained pigs. Indeed, it is interesting that it has been reported (Liddell et al. 1934) that Pavlov stated: 'It has long been my firm belief that the pig is the most nervous of all animals. All pigs are hysterical'. Pavlov abandoned the use of pigs for conditioning experiments due to their loud vocalizations and determined physical resistance to all forms of restraint.
The extent to which the various psychological and cardiovascular responses are related after intense arousal in the pig is not entirely clear. Moore & Marcuse (1945) observed that although pigs occasionally appear very excited, the accompanying HR is not invariably elevated. However, the restraint and lifting of the pigs, which was novel to the animal under our experimental conditions, was always associated with a sharp decrease in RBF and a concomitant increase in both BP and HR, suggesting that an extreme level of arousal had been achieved. These responses were in sharp contrast to those produced in the same pigs when exposed to the TS, suggesting that vibration and noise at the intensities produced in our experiments were not particularly aversive to pigs.
The present results demonstrate that the cardiovascular system of pigs can be profoundly influenced by environmental stimuli, particuarly by those related to firm restraint. The degree and direction of the response is not, however, always predictable and it appears that the nature and intensity of the stimulus provided is critically important.
